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1. Introduction

Jirak and Cotton (2007, hereafter JCO7) proposed a new todassist in forecasting the
development of mesoscale convective systems (MCB3s “MCS index” is the summation of
three components which are a function of the (i) t'bised index (L), (ii) 0-3-km shear vector
magnitude (SVM), and (iii) 700-mb temperature advection (TAdvJCO7’s study also
reemphasized important aspects of MCS development,Iynatine importance of the low-level
jet (e.g., Junker et al. 1999) and low-level warm advecBomn, Maddox and Doswell 1982) in
the development and sustenance of MCSs. Their MCS iattexpts to account for these
important physical processes.

The use of indices has become ubiquitous in operatioratheseforecasting, especially in
the realm of deep moist convection. Unfortunately, ieslieasily can be misused and overused,
as discussed by Doswell and Schultz (2006). Some indices been developed arbitrarily,
while others lack a robust physical foundation. This tmagomplicated further when multiple
variables are combined into a single index. Consequergfgrd operational forecasters can
utilize indices to their potential advantage, they neesblal understanding of both how the
indices were developed and the relative importance ofuhderlying components.

The intent of this comment is to consider the MCS xnded its three components, and
subsequently to use the findings as motivation for othergraining and operational roles—to
investigate such indices before they transfer them toatipes. This study was conceived as the
MCS index was being tested for operational use at thehdiekbrecast Office (WFO) in Rapid
City, South Dakota (RAP). Although the results do mfute the MCS index per se, there is

concern this index (and possibly others) may be misappkéng standard operational gridded



datasets. Ultimately, it is shown that the MCS indexits present form, is not suitable for

operational forecasting.

2. Examination of the MCS index and its components

The MCS index (JCO7) is computed by summing three compoasmibdows:

(-LI-4.4°C) (SvM-115ms™ 1)  (TAdv-45x10"°Ks™1)

MCS index = (3.3°0) (5ms~1) (73x10"5Ks"1) '’ (1)

where the three variables (LI, SVM, and TAdv—defined apdweve been transformed to
“standard normal form” (having a mean of zero and a stdndaviation of unity); the MCS
index is unitless because of this normalization. JCO7 dktive means and standard deviations
using North American Regional Reanalysis (NARR; Mger et al. 2006) data with 32-km grid
spacing for 383 MCS events. Various grid-point data for &4CIS event were extracted 6 h
prior to MCS initiation at the location (i.e., grid poi of the subsequent -82 cloud shield
centroid at MCS initiation.

After the MCS index was coded according to Eqn. (1}HerAdvanced Weather Interactive
Processing System (AWIPS) at WFO RAP, the individuaiatdes were overlaid on the MCS
index to view the relative importance of these thragstituents. Using an arbitrary convective
event with standard operational gridded datasets, it wasdfauring testing that the TAdv
contour pattern displayed notable similarity to thattled MCS index, especially for the
relatively large absolute TAdv values (e.g., Fig. 1). Trkavior was not unique to this one

event; indeed, it was found with 20 other arbitrarily sel@&rchived convective events.



In order to understand the underlying cause(s) of this ungedehavior, the three
components of the MCS index were computed for an opeeadiyoviable range of conditions
(Table 1). This range spans most values observed durin@ltyjmovective situations, but it
does not necessarily capture all extreme values. Mergthis range is valid for operational
datasets with output grid spacing of 13 km, 40 km, and 80 kmhoédgh TAdv variability
increases as grid spacing decreases from 80 km to 13 km (bélcadgels a derivative),
extreme values of +97x20° K s* (+3.5°C h') were noted in testing with 80-km grids.

It is clear that the TAdv variability from JCO7’s ds¢h (shaded region of TAdv in Table 1)

represents only a small portion (<40%) of the typicalraipenal variabiliti. JCO7’'s TAdv
values for a range of # from the mean (-10410° to +19.%10° K s, or -0.36 to
+0.69°C h'), which represent 95% of a Gaussian distribution, wouldobsidered only weak-
to-modest by operational standards. The operational @ngAdv values in Table 1 arguably
could be even greater (e.g., -2.0 to +h?), making this discrepancy even more apparent.
The divergence among the three components becomesewidemt when they are plotted
together (Fig. 2). Although the component values foahdl SVM follow similar trends, the
component values for TAdv (dotted line in Fig. 2) coverrggeamore than 2.2 times as large. It

is possible that TAdv is relatively more importardiritthe LI and SVM variables in forecasting

! The LI and SVM operational ranges, on the other hand, aapjme be in reasonable
agreement with the ranges from JCO07. Since the Limeasured 6 h prior to MCS initiation
proximate to the subsequent MCS, it is understandable thatuid be biased toward negative
values (Table 1). However, not too far removed frompbisit (e.g., toward the cold side of a

nearby surface frontal zone), LI values in excesslOfrave been observed (e.g., Colman 1990).



MCS development; however, the Heidke skill score (H®Sylts presented in JCO7 (their Table
8) indicate that SVM is more important than TAdv instihegard. It is thus unreasonable to
expect the TAdv component values to rise more ra@dty to be larger than those for the SVM
(as in Fig. 2).

JCO7 presented MCS index values that range mostly from +4 {(e.g., refer to their Figs.
12 and 1418). By way of comparison, if the component values ablé 1 reached their
extremes concurrently, the MCS index values would rangm £8.9 to +12. What is more,
MCS index values of -20 to +17 were found during testing wieh20 aforementioned cases
using Rapid Update Cycle (RUC) model output on a 40-km grighire 1 reveals MCS index
values in excess of +8. Hence, the undue weight gividretdAdv component—by virtue of the
nature of standard operational gridded datasets—can sgrioflate the MCS index, making it
not much more than a proxy for TAdv when TAdv valueseerc25.810° K s* (0.9°C h™);
this is an occurrence common to many convective evdfis.example, in a typical convective
scenario (e.g., LI = -6, SVM = 15 m,sand TAdv = 27.810° K s* or 1.0°C h*) the MCS
index might be 4.4 (components 0.5 + 0.7 + 3.2, respectised/,Table 1), but with 73% of the
contribution arising from TAdv. This has implicatiofts the guidelines of the MCS index as
well (JCO7, their Table 10).

Why is the TAdv variability not consistent betwee@03d’s study and the operational
datasets? First, it is possible the maximum values AdfvTare underrepresented in JCO7
because only a point value was obtained for each 38BaVICS events (see first paragraph of
this section), and the maximum TAdv might not have cpoeded to this location.
Furthermore, this point value was obtained 6 h prior t&SNititiation, and this signal could have

been weaker than at MCS initiation time. Second, amyoshing or compositing, if applied,



might have affected the maximum values of TAdv in JC@Ttgly; this certainly would have

diminished the maximum TAdv values relative to whatliserved using standard operational
gridded datasets. Interestingly, Cotton et al. (1999)dnthat their composite maps were a
product of a great deal of filtering, averaging, and intetmslawith only the strongest signals

remaining. Nevertheless, their Fig. 7a showed a maxinfAdv of 26.210° K s*

(0.94°C h%), which appears higher than tbeint-based values obtained from JCO7. Moreover,

this is an order of magnitude higher than displayed in ¢heposite maps of JCO7 (~%I0° K
s, their Fig. 9a). It therefore appears that smoothingneasiecessarily the cause for the small

values of TAdv in JCO7, relative to operational valuesvan those from Cotton et al. (2007).

3. Conclusions and summary

Based on the above comments regarding JCO7, the follmemgusions are made:

 The MCS index is not suitable for operations in its pregam because it is dominated
by the TAdv component when applied to standard operatgmadled datasets. Not
much additional value will be gained by viewing the MCS indeXAuPS (and likely
other operational software platforms) than otherwiselld be gained by viewing TAdv
alone.

* Individuals in training and especially operational rolesushonvestigate new indices
before implementing them in operations in order to determing& #fécacy at producing
desirable results. It may be that indices developel wain-operational datasets will

result in unintended consequences when applied to stanulerational gridded datasets.



It likely was not the intent of JCO7 to have TAdv eweighted in the MCS index using
standard operational gridded datasets. Despite the poesattisions, the MCS indexight be
adapted for operations if the TAdv component is weighfgatapriately. ldeally, JCO7 could
recompute the mean and standard deviation in order to abgistormalization for the TAdv
component in Eqn. (1), which appears to be the sourceegbrtbblem. In the interim, a less
desirable approach for operational purposes would be to dedifeerent weight for TAdv. For
example, through testing it was found that if TAddigided by 2.5 before it is input into Eqgn.
(1), the MCS index produces a range of values that is ¢ensisith JC07, and furthermore, the
TAdv component values are much closer to the value$S¥M and LI (i.e., the slope of the
dotted line in Fig. 2 changes to between the two solid linAgs)additional consideration to this
weighting would be for operational forecasters to e@eat'procedure or macro” whereby the
MCS index is displayed simultaneously with the LI, Sv&hd TAdv (such as in a 4-panel
display), thus affording the opportunity to compare the M@ex with its three constituents.
This conforms to the spirit of JCO7, who noted the M@8&k should be used in conjunction
with other information.

The importance of investigating and displaying other gsliecn a similar manner as
suggested here cannot be overstated for trainers andiopar&recasters alike. In the case of
the widely used significant tornado parameter (STP; Tlsomgt al. 2003), as just an example,
one could compute ranges of reasonable weights for thgaments involving mean-layer
CAPE (MLCAPE), G-6-km shear, 681-km storm-relative helicity (SRH), and mean-layéed
condensation level (MLLCL) height. This process wouldesdwthat the MLCAPE and SRH

components have the relatively largest weights, while ©6-6-km shear and MLLCL



components have the relatively smallest weightsh [8RH and MLLCL components can be
negative. The four constituent variables of the STRlliglehould be viewed concurrent with the
STP, analogous to what was proposed above for the M@, because the same value of an
index can result from vastly different combinationshaf input variables.

In summary, it is believed a multivariate index d¢ave some utility for forecasters (e.qg.,
highlighting areas of potential concern in short ordérjhe following three conditions are
satisfied: (i) the variables for the index are phy$jceglated to the process being forecast,
which appears to be the case for the MCS index; (ii) thighting factors and the mathematical
formulation of the variables for the index are sound—aiglgotoblem noted with the MCS
index; and (iii) forecasters understand what goes intottex and are aware of its strengths and
limitations. The last step is arguably the most impadstand this is why forecasters should
always consult the constituent variables of any inadexvoid the pitfalls of using the index.
Finally, it is suggested thanyone proposing an index should consider doing something similar
to the methods discussed herein; this should not beotdft to trainers and operational

forecasters.

Acknowledgments. The comments and suggestions provided by Chuck Dosvedfl, J
Manion, Paul Smith, Steve Weiss, and Jon Zeitler azatlyrappreciated. | also would like to
thank Dave Carpenter (Meteorologist-in-Charge, WFO ®R&itly, South Dakota) for supporting
this work. The views expressed are those of the autftbda not necessarily represent those of

the National Weather Service.



REFERENCES

Colman, B. R., 1990: Thunderstorms above frontal surfacesivironments without positive
CAPE. Part I: A climatologyMon. Wea. Rev., 118 1103-1121.

Cotton, W. R., M. S. Lin, R. L. McAnelly, and C. J.efnback, 1989: A composite model of
mesoscale convective complexiskn. Wea. Rev., 117, 765—-783.

Doswell, C. A., lll, and D. M. Schultz, 2006: On the uskeindices and parameters in
forecasting severe stornt&ectronic J. Severe Sorms Meteor ., 1 (3), 1-22.

Maddox, R. A., and C. A. Doswell 1ll, 1982: An examinat@tjet stream configurations, 500-
mb vorticity advection, and low-level thermal advectmaiterns during extended periods of
intense convectiorMon. Wea. Rev., 110, 184-197.

Mesinger, F., and Coauthors, 2006: North American RepReanalysisBull. Amer. Meteor.

Soc., 87,343-360.

Jirak, I. L., and W. R. Cotton, 2007: Observational aralg$ the predictability of mesoscale

convective system¥\Vea. Forecasting, 22, 813-838.

Junker, N. W., R. S. Schneider, and S. L. Fauver, 1998tudy of heavy rainfall events during
the Great Midwest flood of 1998Vea. Forecasting, 14, 701-712.

Thompson, R. L., R. Edwards, J. A. Hart, K. L. Elmoaed P. Markowski, 2003: Close
proximity soundings within supercell environments obtained floenRapid Update Cycle.
Wea. Forecasting, 18,1243-1261.



10

FIGURE CAPTIONS

Figure 1. Plot of the (a) MCS index and (b) 700-mb temperaaahesction (TAdv) valid 1800
UTC 17 August 2007 from the 40-km RUC. Contour intervals dox the MCS index (dashed

negative) and 0.25C h* for TAdv (dashed negative; zero contour omitted).

Figure 2. Plot of the components of the MCS index accordingdo. (1) using the variable
ranges given in Table 1. The ordinate displays comparsmes for LI, SVM, and TAdv. The

abscissa covers the ranges of LI (-3 to ®C3, SVM (0 to 25 m §), and TAdv (-27.8 to

+55.6x10° K s7).



11

TABLE CAPTIONS

Table 1. Ranges and corresponding values for the three comizomiethe MCS index; the three
components are summed to produce the MCS index. Raogésef“best” litted index (LI),

0-3-km shear vector magnitude (SVM), and 700-mb temperaturetzmvéT Adv) are based on
reasonably observed values in operations. Shaded valuesagfpthe range of #2from the

mean using JCO7’s dataset. Note that two different uhit?Adv are given: one is the standard
MKS version (10 K s) and the other C h?, italicized) is used operationally at WFO RAP.
The reasonable operationally observed lowest compmadungs (-2.2, -2.3, -4.4) yield an MCS
index of -8.9 (first row of data) and the highest componeahies (2.3, 2.7, 7.0) yield an MCS

index of +12.0 (last row of data).
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Figure 1. Plot of the (a) MCS index and (b) 700-mb temperaaahesction (TAdv) valid 1800
UTC 17 August 2007 from the 40-km RUC. Contour intervals dox the MCS index (dashed
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Figure 2. Plot of the components of the MCS index accordingdo. (1) using the variable
ranges given in Table 1. The ordinate displays comparsmes for LI, SVM, and TAdv. The
abscissa covers the ranges of LI (-3 to #€3, SVM (0 to 25 m %), and TAdv (-27.8 to

+55.6x10° K s7).
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Table 1. Ranges and corresponding values for the three comporights CS index; the three components are
summed to produce the MCS index. Ranges for the “begd liftdex (LI), 6-3-km shear vector magnitude (SVM),
and 700-mb temperature advection (TAdv) are based onnadagmbserved values in operations. Shaded values
represent the range of &€from the mean using JCO7’s dataset. Note that tworeiffeunits of TAdv are given:
one is the standard MKS version 1B s') and the other C h, italicized) is used operationally at WFO RAP.
The reasonable operationally observed lowest componargsvél2.2, -2.3, -4.4) yield an MCS index of -8.9 (first
row of data) and the highest component values (2.372)yyield an MCS index of +12.0 (last row of data).

LI LI Component SVM SVM Component TAdv TAdv Component
(°C) (msh (10°K s, €th?h

3.0 2.2 0.0 -2.3 -27.8,-10 -4.4
25 2.1 0.8 2.1 -25.0,-0.9 -4.0
2.0 -1.9 1.7 -2.0 -22.2,-0.8 -3.7
1.5 -1.8 2.5 -1.8 -19.4,-0.7 -3.3
1.0 -1.6 3.3 -1.6 -16.7,-0.6 -2.9
0.5 -1.5 4.2 -1.5 -13.9,-05 -2.5
0.0 -1.3 5.0 -1.3 -11.1,-04 2.1
-0.5 -1.2 5.8 -1.1 -8.3, -0.3 -1.8
-1.0 -1.0 6.7 -1.0 -5.6, -0.2 -1.4
-1.5 -0.9 7.5 -0.8 -2.8, -01 -1.0
-2.0 -0.7 8.3 -0.6 0.0, 0.0 -0.6
-2.5 -0.6 9.2 -0.5 28, 01 -0.2
-3.0 -0.4 10.0 -0.3 5.6, 0.2 0.1
-3.5 -0.3 10.8 -0.1 8.3, 03 0.5
-4.0 -0.1 11.7 0.0 11.1, 04 0.9
-4.5 0.0 12.5 0.2 13.9, 0.5 13
-5.0 0.2 13.3 0.4 16.7, 0.6 1.7
-5.5 0.3 14.2 0.5 19.4, 0.7 2.0
-6.0 0.5 15.0 0.7 22.2, 0.8 24
-6.5 0.6 15.8 0.9 25.0, 0.9 2.8
-7.0 0.8 16.7 1.0 27.8, 1.0 3.2
-7.5 0.9 17.5 1.2 30.6, 1.1 3.6
-8.0 1.1 18.3 14 33.3, 1.2 3.9
-8.5 1.2 19.2 15 36.1, 1.3 4.3
-9.0 14 20.0 1.7 38.9, 14 4.7
95 1.5 20.8 1.9 41.7, 1.5 51
-10.0 1.7 21.7 2.0 44.4, 1.6 5.5
-10.5 1.8 22.5 2.2 47.2, 1.7 5.9
-11.0 2.0 23.3 2.4 50.0, 1.8 6.2
115 2.2 24.2 2.5 52.8, 1.9 6.6

-12.0 2.3 25.0 2.7 55.6, 2.0 7.0




